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IMPROVED METHOD FOR GENERATING AN AEROSOL 
CROSS - RE F E R ENCE T O R E LATED A P PL IC A TIO N 




[0001] This application is a continuation-in-part application of U.S. Patent 
Application No. 09/560,510, filed on April 27, 2000, the entire contents of which 
are incorporated herein by reference. 



[0002] The present invention relates to methods for generating aerosols, and 
more particularly to achieving a predetermined and/or a substantially 
monodispersed particle size distribution of at least one component in the aerosol. 



[0003] An aerosol typically is comprised of finely divided particles of a liquid 
and/or solid and is useful in a wide variety of applications. An aerosol can be 
used to administer a medicament, for example, by being inhaled into the lungs of 
an animal or human. Other applications of aerosols include, for example, 
instrument calibration, inhalation toxicology studies, air filter testing, nuclear 
safety analysis, and the delivery of scented materials, paints and lubricants. 
[0004] In the delivery of a medicament to the lungs of an animal or human, the 
location in the lungs which should be treated with such a medicament at least 
depends on the type of ailment being treated and the type of medicament being 
used. The particle size distribution and the uniformity of an aerosol typically 
control or contribute to the location at which the aerosol particles settle in the 
lungs. As used herein, the term "particle size distribution" relates to the mass 
distribution of a material over a range of particle sizes of the material. The 
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uniformity of an aerosol relates to the degree of dispersion of the mass distribution 
of a material over a range of particle sizes of the material. 
[0005] Providing aerosol particles having an excessively large particle size 
distribution can have an adverse effect on the administration of the medicament. 
For example, aerosol particles having large particle size distributions can be 
deposited in the mouth and/or pharynx of a recipient, rather than inhaled into the 
lungs. On the other hand, providing aerosol particles having an excessively small 
particle size distribution can also have an adverse effect on the administration of 
the medicament, for example, because such small particles are sometimes exhaled 
prior to settling in the lungs. 

[0006] Providing aerosol particles having an excessively broad range of particle 
sizes can have an adverse effect on the administration of the medicament. For 
example, aerosol particles with an excessively broad range of particle sizes are 
generally deposited throughout the lung or multiple parts of the lung, rather than a 
specific site in the lung. Thus, to effectively deposit a medicament in the lungs, it 
can be important to obtain an aerosol having a predetermined and sufficiently 
uniform particle size distribution which is suitable for treating a particular ailment 
using a particular medicament. 

[0007] The particle size distribution of an aerosol or a component that is present 
in the aerosol can be measured by determining the mass median aerosol diameter 
(MMAD) thereof. The MMAD of an aerosol is the mass median diameter of the 
aerosol particles. The MMAD of a component present in an aerosol is the mass 
median diameter of the aerosol particles containing the component to be measured. 
[0008] As discussed above, the uniformity of a particle size distribution can also 
affect the placement of the aerosol deposition in the lungs. The uniformity of a 
particle size distribution of an aerosol or a component that is present in the aerosol 
can be measured by determining the geometric standard deviation (GSD) thereof. 



The GSD of an aerosol or a component that is present in the aerosol is calculated 
as the ratio of the observed particle size at the 84 th percentile divided by the 
observed particle size at the 50 th percentile on a cumulative percent mass undersize 
distribution. The terms "monodispersed" and "polydispersed" as used herein 
relate to the uniformity of the particle size distribution of the aerosol. The lower 
the GSD is of an aerosol, the more "monodispersed" the particle size distribution 
is. Similarly, the higher the GSD is of an aerosol, the more "polydispersed" the 
particle size distribution is. For example, monodispersed particle size 
distributions typically include aerosols having a GSD of about 2 or less and 
polydispersed particle size distributions typically include aerosols having a GSD of 
about 3 or more. 

[0009] In view of the foregoing, it is desirable to provide a means for achieving 
a predetermined and/or substantially monodispersed particle size distribution of an 
aerosol. It is also desirable to provide a means for achieving a sufficiently small 
particle size distribution of an aerosol which allows for the deep penetration of the 
aerosol into the lungs and for the treatment of an ailment requiring such deep 
penetration. It is further desirable to provide a means for achieving a sufficiently 
large particle size distribution which allows for the central deposition of the 
aerosol into the lungs and for the treatment of an ailment requiring such central 
deposition. One or more of these attributes can be achieved by the methods 
described herein. 

SUMMARY OF THE INVENTION 
[0010] According to one aspect of the present invention, a method is provided 
for generating an aerosol. The method includes preparing a solution formed of a 
first component in a liquid component such that after volatilization of the liquid 
component by passing the solution through a flow passage while heating the 



solution, an aerosol is formed having a predetermined particle size distribution of 
the first component, wherein the solution is prepared such that the amount of the 
first component therein is sufficient to achieve the predetermined particle size 
distribution of the first component. The method also includes passing the solution 
through the flow passage while heating the solution to a temperature sufficient to 
volatilize the liquid component, wherein the flow passage comprises an outlet 
through which the volatilized liquid component and the first component flow, and 
wherein an aerosol is formed. 

[0011] According to another aspect of the present invention, a method is 
provided for generating an aerosol. The method includes preparing a solution 
formed of a first component in a liquid component such that after volatilization of 
the liquid component by passing the solution through a flow passage while heating 
the solution, an aerosol is formed having a predetermined and substantially 
monodispersed particle size distribution of the first component, wherein the 
solution is prepared such that the boiling point of the liquid component is sufficient 
to achieve the predetermined and substantially monodispersed particle size 
distribution of the first component. The method also includes passing the solution 
through the flow passage while heating the solution to a temperature sufficient to 
volatilize the liquid component, wherein the flow passage comprises an outlet 
through which the volatilized liquid component and the first component flow, and 
wherein an aerosol is formed. 

[0012] According to another aspect of the present invention, a method is 
provided for generating an aerosol. The method includes preparing a solution of a 
first component in a liquid component such that after volatilization of the liquid 
component by passing the solution through a flow passage while heating the 
solution, an aerosol is formed having a predetermined and substantially 
monodispersed particle size distribution of the first component, wherein the 



solution is prepared such that the amount of the first component therein and the 
boiling point of the liquid component are sufficient to achieve the predetermined 
and substantially monodispersed particle size distribution of the first component. 
The method also includes passing the solution through the flow passage while 
heating the solution to a temperature sufficient to volatilize the liquid component, 
wherein the flow passage comprises an outlet through which the first component 
and the volatilized liquid component flow, and wherein aerosol particles are 
formed. 

[0013] According to another aspect of the present invention, a method is 
provided for controlling a particle size distribution of an aerosol. The method 
includes preparing a solution comprising a first component in a liquid component, 
wherein the solution achieves a predetermined particle size distribution of the first 
component upon volatilization of the solution by passing the solution through a 
flow passage while heating the solution. 

[0014] According to a further aspect of the present invention, a method is 
described for providing a monodispersed particle size distribution of an aerosol. 
The method includes preparing a solution comprising a first component in a liquid 
component, wherein the solution achieves a monodispersed particle size 
distribution of the first component upon volatilization of the solution by passing 
the solution through a flow passage while heating the solution. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] The features and advantages of the present invention are well understood 
by reading the following detailed description in conjunction with the drawings in 
which like numerals indicate similar elements and in which: 
[0016] FIG. 1 is a schematic view of an aerosol generator according to an 
exemplary embodiment of the present invention; 



[0017] FIG. 2 is a schematic view of an aerosol generator according to an 
alternate embodiment of the present invention; 

[0018] FIG. 3 is a graph of the solute and aerosol MMADs of aerosols formed 
from solutions of deoxycorticosterone and propylene glycol, benzil and propylene 
glycol, phenyl salicylate and propylene glycol, and budesonide and propylene 
glycol, as a function of the solute concentration, according to an exemplary 
embodiment of the present invention; and 

[0019] FIG. 4 is a graph of the deoxycorticosterone/aerosol MMAD ratios of 
aerosols formed from solutions of deoxycorticosterone and various liquids, as a 
function of the liquid boiling point, according to an exemplary embodiment of the 
present invention. 

D E TAILED DES CRIP T IO N 
[0020] The present invention relates to methods for generating an aerosol. The 
methods can be used to administer a medicament to the lungs of an animal or 
human. For example, the methods can be used to treat respiratory ailments such 
as, for example, asthma, emphysema, chronic obstructive airway disease, 
bronchitis and cystic fibrosis. The present methods can also be used in the 
treatment of other ailments and diseases such as, for example, to administer pain 
relief medicaments (analgesics) and to treat diabetes. Advantageously, by 
employing the instant methods, the particle size distribution of a component in a 
solution to be aerosolized can be controlled. In addition, the instant methods can 
also achieve a monodispersed particle size distribution of a component in a 
solution to be aerosolized. 

[0021] An exemplary aerosol generator 21 which can be used in the instant 
methods is schematically shown in Figure 1. The aerosol generator 21 includes a 
flow passage 23 having an outlet 25. A heater 27 can be positioned adjacent to at 



least a portion of the flow passage 23, preferably in a manner which provides a 
heated zone around the flow passage and which maximizes heat transfer 
throughout the heated zone. The heater 27 can be connected to a power supply 29, 
preferably a D.C. power supply such as a battery. 

[0022] A solution formed of a first component in a liquid component can be 
introduced to the flow passage 23 . The solution is suitable for aerosolization by 
an aerosol generator such as the aerosol generator 21 shown in FIG. 1. The 
solution is preferably a substantially homogeneous mixture of the first component 
and the liquid component. Typically, the solution is formed by adding the first 
component to and/or mixing the first component with the liquid component. Other 
methods for combining the materials which are known to those skilled in the art 
can be used. 

[0023] Preferably, the first component is useful for treating a disease or ailment 
such as a respiratory ailment. For example, the first component can include 
budesonide and/or albuterol. Other materials known in the art which are readily 
added to or dissolved in a liquid can also be used. In the examples that follow, 
other components are used including deoxycorticosterone, benzil and phenyl 
salicylate, to exemplify that components having various physical and chemical 
properties can be used in the present methods. Prior to forming the solution, the 
first component can be in a solid or liquid phase, preferably in a solid phase. In 
the case of a solid material, the first component can be dissolved in the liquid 
component and/or suspended in the liquid component. 
[0024] The liquid component preferably can be volatilized by passing the 
solution containing the liquid component through a flow passage of an aerosol 
generator and heating the flow passage. The liquid component can have medicinal 
properties and/or can operate as a vehicle for the first component. For example, 
in an exemplary embodiment, the liquid component operates as a vehicle for the 



first component and the first component is a medicament. The liquid component 
can include, for example, water and/or an alcohol such as, for example, propylene 
glycol, ethylene glycol, dipropylene glycol, diethylene glycol, methylene glycol, 
tetraethylene glycol, oleyl alcohol, ethanol and mixtures thereof. The liquid 
preferably includes propylene glycol. 

[0025] The heater 27 heats the portion of the flow passage 23 to a sufficient 
temperature to volatilize the liquid component and optionally the first component. 
The heater preferably heats the liquid component at least to about the boiling point 
of the liquid component and preferably maintains the surface temperature of the 
flow passage 23 below 400°C. The volatilized liquid component flows out of the 
outlet 25 of the flow passage 23 and typically condenses after mixing with ambient 
air to form aerosol particles. 

[0026] Upon volatilization of the liquid component, the first component can also 
be volatilized or remain in a solid or liquid state. Preferably, at least some of the 
first component volatilizes as a result of the solution being heated. The first 
component typically flows out of the outlet 25 of the flow passage 23 
contemporaneously with the volatilized liquid component but can also flow out of 
the outlet 25 after the volatilized liquid flows out of the outlet. The 
contemporaneous flow of the first component and the liquid component out of the 
outlet 25 is referred to herein as "co-evaporation." Achieving co-evaporation can 
depend on various parameters such as, for example, the types and amounts of the 
first component and liquid component that are used, the temperature of the flow 
passage 23 and the flow rate of the solution. 

[0027] According to an exemplary embodiment, a solution is prepared such that 
the amount of the first component therein is sufficient to achieve a predetermined 
particle size distribution of the first component and/or the liquid component upon 
aerosolization onthe solution. Advantageously, reducing the amount of the first 



component in Ithe solution generally has the effect of increasing the MMAD and/or 
the degree of Ainiformity of the first component upon aerosolization of the solution. 
On the other/ hand, increasing the amount of the first component in the solution 
generally has the opposite effect, i.e., it decreases the MMAD of the first 
component/ upon aerosolization of the solution. The amount of the first component 
in the solution typically is from about 0.03 to 50% by weight of the solution. The 
effects ot adjusting the concentration of the first component which are described 
above generally relate to solutions which contain small amounts of the first 
component in the liquid component, particularly in the range of 0.03 to 1 % by 
weight, but can also be applied to solutions which contain larger amounts of the 
first component. 

[0028] The amount of the first component can also be sufficient to achieve a 
substantially monodispersed particle size distribution of the first component. For 
example, the GSD of the particle size distribution of the first component can be 
less than or equal to 2. 

[0029] The desired particle size distribution and/or the degree of uniformity of 
the aerosolized first component and/or liquid component typically depend on the 
specific application of the aerosol. That is, the desired particle size distribution 
and/or the degree of uniformity generally depend on the particular disease or 
ailment that is desired to be treated and the particular material that is used to treat 
the disease or ailment. In the treatment of respiratory diseases and ailments such 
as, for example, asthma, chronic obstructive airway disease, bronchitis and 
emphysema, it is typically desirable to provide medicament aerosol particles which 
have a relatively medium-sized or large-sized MMAD, for example, typically less 
than 3 /xm, preferably from about 1.0 to 3.0 /im, more preferably from about 0.3 
to 2 fim, and a substantially monodispersed distribution. In the treatment of 
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systemic diseases and ailments, it is generally desirable to provide aerosol particles 
having a relatively small-sized MMAD, for example, about 0.5 /zm. 
[0030] According to another aspect of the present invention, a predetermined 
and/or substantially monodispersed particle size distribution of the first component 
and/or the liquid component can be achieved by preparing the solution such that 
the boiling point of the liquid component is sufficient to achieve the predetermined 
and/or a substantially monodispersed particle size distribution. The solution can 
also be prepared such that other properties of the liquid component such as, for 
example, the viscosity, the specific heat capacity, the vaporization enthalpy and 
hydrogen bonding properties thereof, are sufficient to achieve the predetermined 
and substantially monodispersed particle size distribution. Applicants have 
surprisingly found that preparing a solution containing a liquid component having 
an increased boiling point typically increases the degree of uniformity of the 
particle size distribution of the aerosolized first component. For example, the 
GSD of the particle size distribution of the first component can be less than or 
equal to about 2 such as, for example, from about 1.5 to 2. On the other hand, 
using a liquid component with a lower boiling point generally has the opposite 
effect, i.e., the particle size distribution of the first component typically becomes 
more bimodal and/or poly dispersed upon aerosolization of the solution. As shown 
in the following examples, some liquid components may not follow this trend, and 
while not wishing to be bound by theory, Applicants hypothesize that other 
properties such as physical and/or chemical properties of the liquid component also 
contribute to the particle size distribution and/or uniformity thereof. 
[0031] The liquid component preferably is aerosolized by heating the solution 
containing the liquid component to a temperature at or above the boiling point of 
the liquid component, for example at a temperature not less than 400°C in certain 
applications. Thus, the temperature of the flow passage of the aerosol generator 
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during aerosolization generally at least depends on the boiling point of the liquid 
component. 

[0032] In certain applications, it can be beneficial to provide an aerosol wherein 
the first component aerosol particles and the liquid component aerosol particles 
have similar or equal MMADs. This phenomena is referred to herein as "co- 
condensation. " According to one aspect of the present invention, the ratio of the 
MMAD of the first component aerosol particles to the MMAD of the liquid 
component aerosol particles is greater than or equal to 0.75 as a result of using a 
solution which is prepared in accordance with the present invention. In other 
applications, co-condensation may not be preferred and it may be desirable to 
obtain a ratio of the MMAD of the first component aerosol particles to the MMAD 
of the liquid component aerosol particles to be less than or equal to 0.75. 
[0033] The parameters relating to the operation of the aerosol generator can 
affect the particle size distribution of the first component aerosol particles and/or 
the liquid component aerosol particles. Such parameters include, for example, the 
amount of material that is vaporized per second; the amount of entrained air per 
unit weight of the vaporized material; the exit velocity of the vaporized material 
flowing from the outlet of the aerosol generator; the temperature of the flow 
passage; and the shape of the flow passage. 

[0034] Referring to FIG. 1, the flow passage 23 of the aerosol generator 21 
typically comprises an enclosed volume which opens to an inlet and/or an outlet 
25. The flow passage 23 can be formed into any shape through which a fluid or a 
mixture of a fluid and a solid may pass. The flow passage 23 can have any desired 
geometry. A preferred shape of a cross-sectional profile of the flow passage 23 is 
a circular hole of uniform diameter. Other cross-sectional flow passage shapes 
include non-circular shapes such as triangular, square, rectangular, oval or other 
shapes. The cross section of the hole need not be uniform. The flow passage 23 
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can extend rectilinearly or non-rectilinearly and may be a single flow passage or a 
multi-path flow passage. 

[0035] The flow passage 23 preferably is of "capillary dimensions." A flow 
passage of capillary dimensions permits volatilization of substantially all of the 
liquid present in the flow passage when the flow passage is heated. For example, 
the cross-sectional area of a flow passage of capillary dimensions typically is 
sufficiently small to enable the efficient heating of the solution present in the flow 
passage. 

[0036] In an exemplary embodiment, the flow passage 23 comprises a tube. 
The flow passage 23 is preferably about 10 to 50 mm long, more preferably about 
44 mm. The flow passage 23 preferably has an inside diameter of between 0.05 
and 0.53 millimeter and a gauge of about 26 to 32. The wall thickness is 
preferably about 0.0025 inch (0.064 mm). The dimensions of the flow passage 23 
typically depend on many factors including, for example, the overall size of the 
aerosol generator desired, the material(s) to be volatilized, the amount of aerosol 
to be delivered, and the like. The aerosol generator can optionally include a 
sleeve 26 disposed proximate to the outlet 25 of the flow passage 23. 
[0037] The flow passage 23 can be formed of a ceramic or glass material. 
Preferably, the flow passage is formed of fused silica or an aluminum silicate. 
Other substantially non-reactive materials capable of withstanding repeated heating 
cycles and generated pressures and having suitable heat conduction properties can 
also be used such as, for example, stainless steel. 

[0038] The heater 27 is preferably an electrical resistance heater. According to 
a preferred embodiment, the heater 27 is a heater wire having an outside diameter 
of 0.008 inches, a resistance of 13.1 ohms per foot, and a specific heat of 0.110 
BTU/lb °F. The composition of the heater wire is preferably 71.7% iron, 23% 
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chromium, and 5.3% aluminum. Such a heater wire is available from Kanthal 
Furnace Products, located in Bethel, Conn. 

[0039] The power supply 29 is sized to provide sufficient power for the heating 
element 27 that heats a portion or the entire flow passage 23. The power supply 
29 is preferably replaceable and rechargeable and may include devices such as a 
capacitor and/or a battery. For portable applications, the power supply is, in a 
presently preferred embodiment, a replaceable, rechargeable battery such as four 
nickel cadmium battery cells connected in series with a total, non- loaded voltage of 
approximately 4.8 to 5.6 volts. The characteristics required of the power supply 
29 are, however, selected in view of the characteristics of other components of the 
aerosol generator 21, particularly the characteristics of the heater 27. One power 
supply that has been found to operate successfully in generating an aerosol from 
liquid propylene glycol is operated continuously at approximately 2.5 Volts and 
0.8 Amps. 

[0040] The mouthpiece 39 can be disposed proximate the open end 25 of the 
flow passage 23 and facilitates complete mixing of the volatilized liquid with 
cooler ambient air such that the volatilized liquid condenses to form particles. For 
medicament delivery applications, the mouthpiece 39 is preferably designed to 
permit passage of approximately 60-100 liters of air per minute without substantial 
resistance, such a flow rate being the normal flow for inhalation from an inhaler. 
Of course, the mouthpiece 39, if provided, may be designed to pass more or less 
air, depending upon the intended application of the aerosol generator and other 
factors, such as consumer preferences. A preferred mouthpiece for a hand held 
asthma inhaler is approximately 1 inch in diameter and between 1.5 and 2 inches 
in length, with the open end 25 of the flow passage 23 centered at an end of the 
mouthpiece. Referring to FIG. 2, depending on the desired aerosol droplet size, a 
spacer chamber 38 can be added at the open end 25 of the flow passage 23 before 
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the mouthpiece 39. The spacer chamber 38 can have the effect of increasing or 
decreasing the particle size distribution of the aerosol. 

[0041] Other embodiments and aspects of the aerosol generator that can be used 
in the instant methods are described in U.S. Application No. 09/560,510, the 
contents of which are incorporated by reference. 

[0042] The aerosol can be generated intermittently, e.g., on demand, or 
continuously. When it is desired to generate an intermittent aerosol, the solution 
can be supplied to the portion of the flow passage 23 proximate the heater 27 each 
time that it is desired to generate an aerosol. Preferably, the solution flows from a 
solution source 33 to a portion of the flow passage 23 proximate the heater 27, 
such as by being pumped by a pump 35 (shown by dotted lines). The intermittent 
generation and continuous generation of aerosols which can be used in the present 
invention are discussed in greater detail in U.S. Application No. 09/560,510, the 
contents of which are incorporated by reference. 

[0043] In the following examples, the trends observed for the exemplary first 
components and liquid components are expected to hold true for other 
combinations of materials, although those skilled in the art will recognize that 
altering variables such as the flow rates and temperatures in the aerosol generator 
may well enable further manipulations of particle size distributions beyond those 
noted here. 

EXA M PLES 

[0044] Aerosols were generated from various solutions by introducing the 
solutions to an aerosol generator. The MM AD and GSD of the aerosols were 
measured to determine the effects of (1) varying the concentration of the first 
component in the solution and (2) varying the boiling point of the liquid 
component. 
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[0045] The aerosol generator used in the examples includes a 26 gauge stainless 
steel capillary tube flow passage which had an inside diameter of 0.27 mm and a 
length of 44 mm. A syringe pump was used to supply the solution to the capillary 
tube flow passage. The syringe pump which was used was a Model 44 syringe 
pump, obtained from Harvard Apparatus located in South Natich, Massachusetts. 
The syringe needle that was used was a Microliter No. 750, obtained from 
Hamilton Co. located in Reno, Nevada. A Model 6641 A D.C. power supply was 
used, obtained from Hewlett-Packard Co. located in Loveland, Colorado. A 
multi-function I/O electronic controller, obtained from Hewlett Packard, and an 
IBM Pentium II PC were also used. 

[0046] The syringe pump and the D.C. power supply received input signals 
from the I/O electronic controller, which received signals from the PC. Unless 
otherwise indicated, the syringe pump infusion rate was 0.3 ml/min. The aerosol 
generation time was 10 seconds and the delivery volume was 50 ml. The mass 
delivery rate was 5.2 mg/sec. The average temperature of the capillary during 
aerosol formation was maintained between the boiling point of the liquid and 
400°C. 

[0047] The MMADs of the generated aerosols were measured using a MOUDI 
cascade impactor Model 100, obtained from MSP Corp. located in Minneapolis, 
Minnesota. An adapter was used to connect the capillary holder to a 90° angle 
induction port fixed atop a MOUDI cascade impactor. A United States 
Pharmacopeia standard induction port USP (2000) was employed together with the 
adapter. The adapter had a circular cross-section with holes placed 
circumferentially around the capillary to provide air inflow into the induction port. 
Aluminum foil was used as the substrate for the top nine stages of the impactor, 
and the lowest stage consisted of a Type A/E glass fiber after-filter, obtained from 
Gelman Sciences located in Ann Arbor, Michigan. 
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[0048] The cascade impactor was operated according to the manufacturer's 
specifications. The impactor was operated at an air flow rate of 30 liters per 
minute with flow into the open end of USP induction port and a total aerosol 
production of less than 100 mg. A loading of 30 to 60 mg total aerosol mass in 
the impactor gave fairly consistent results. The nine stages and the after-filter 
were weighed before and after aerosol capture, using a Model AP250D analytical 
balance, obtained from Ohaus Corp. located in Florham Park, New Jersey. The 
solid component particle size distributions were determined by quantifying the 
mass of solute on each stage by washing the aluminum foils and the after-filter 
with a pre-determined volume of methanol and using a high performance liquid 
chromatography (HPLC) assay. All experiments were performed in replicate (n ^ 
5) and results are presented as mean (sample standard deviation). 
[0049] The particle size distributions of the solid component and the total 
aerosol of each sample were calculated using scientific graphing software 
SigmaPlot Version 3.0, obtained from Jandel Corp. located in San Rafael, 
California. The software used a least-squares, non-linear regression method to fit 
the impactor data to a log-normal curve. 

[0050] Certain abbreviations or terms used within the examples are set forth 
below. Other abbreviations used, unless otherwise indicated, have the meaning set 
forth elsewhere herein, or the ordinary meaning in the art. 
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BUD 


= budesonide 


BZ 


= benzil 


DEG 


= diethylene glycol 


DMSO 


= dimethyl sulfoxide 


DPG 


= dipropylene glycol 


DOC 


= deoxycorticosterone 


EG 


= ethylene glycol 


FORM 


= formamide 


GSD 


= geometric standard deviation 


MMAD 


= mass median aerosol diameter 


OA 


= oleyl alcohol 


PG 


= propylene glycol 


PhS 


= phenyl salicylate 


TEG 


= triethylene glycol 


TetEG 


= tetraethylene glycol 



1. Effect of Solid Component Concentration on Solid Component MMAD 
[0051] Solutions were formed by dissolving different amounts of various solid 
components in a liquid component. This solution was aerosolized using the 
aerosol generator described above and the MMAD of the material and the aerosol 
were measured using the cascade impactor described above to observe the effects 
of the concentration of the solid component on the MMAD of the solid component. 
[0052] In the examples, it was attempted to make the particle size distribution of 
the solid component aerosol particles similar or approximately equal to the particle 
size distribution of the aerosol. More particularly, it was attempted to make the 
ratio of the solid component MMAD to the total aerosol MMAD greater than or 
equal to about 0.75. Although these particular examples were directed to 
achieving a particular particle size distribution, Applicants note that other particle 
size distributions may be desirable in different applications. In addition, some of 
the examples exhibit an increase in the degree of uniformity of the particle size 
distribution. The present invention is not limited to methods which achieve a 
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particle size distribution of the solid component that is similar or approximately 
equal to the particle size distribution of the aerosol or a particle size distribution 
that is perfectly uniform, and in fact can be used to achieve any predetermined 
particle size distribution of the material. 

[0053] The BZ, DOC and PhS used in the examples were obtained from Sigma 
Chemical Co., located in St. Louis, Missouri. The PG used in the examples was 
obtained from Fisher Scientific, located in Raleigh, North Carolina. 

A. Budesonide in Propylene Glycol 
[0054] Referring to Table 1 , sample solutions having BUD concentrations of 
0.05% and 0.10% yielded BUD/aerosol MMAD ratios of 0.96 and 0.86, 
respectively. The mixture having a 0.5% BUD concentration, however, yielded a 
BUD/aerosol MMAD ratio of less than 0.75. This indicates that employing a 
sufficiently low concentration of BUD in a PG vehicle were effective for achieving 
the desired BUD and PG particle size distributions. 
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TABT.R 1 



BUD concentration 
inPG(%) 


Aerosol MMAD Oum) 


BUD MMAD (Mm) 


BUD GSD 


BUD/Aerosol 
MMAD ratio 


0 


1.65 








0.05 


1.14 


1.09 


2.42 


0.96 


0.10 


0.95 


0.82 


2.96 


0.86 


0.50 


0.82 


0.47 


3.22 


0.57 



B. De oxyc o rticosterone in Propylene Glycol 

[0055] The desired particle size distributions of solutions formed of DOC and 
PG were achieved by reducing the DOC concentration in the mixture. In this 
example, the flow rate of the solution was 0.3 ml/min (5.2 mg/sec). 
[0056] Referring to Table 2, sample solutions having DOC concentrations of 
0.03125%, 0.0625%, 0.125% and 0.25% yielded DOC/aerosol MMAD ratios of 
1.02, 1.02, 1.02, 0.95, respectively. Thus, the desired particle size distribution 
was achieved in these samples. The desired particle size distribution was not 
achieved in the mixtures having 0.5% and 1.0% DOC concentrations yielded 
DOC/aerosol MMAD ratios of 0.69 and 0.60, respectively. In addition, the GSD 
of the aerosols having a DOC concentration of 0.25% and 0.5% were relatively 
high, indicating a poly dispersed particle size distribution, A monodispersed 
particle size distribution was achieved in solutions containing lower amounts of 
DOC, i.e., 0.03125%, 0.0625% and 0.125% DOC in PG. 
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TAB L E 2 



DOC concentration in 
PG (%) 


Aerosol MMAD (pim) 


DOC MMAD Qum) 


DOC GSD 


DOC/Aerosol 
MMAD ratio 


0 


1.65 








0.03125 


1.69 


1.73 


1.43 


1.02 


0.0625 


1.47 


1.50 


1.46 


1.02 


0.125 


1.23 


1.26 


1.63 


1.02 


0.25 


1.06 


1.01 


3.41 


1.05 


0.5 


0.85 


0.59 


3.29 


0.69 


1.0 


0.68 


0.41 


2.57 


0.60 



[0057] It can be seen that employing a sufficiently low concentration of DOC in a 
propylene glycol vehicle can be effective for achieving the desired particle size 
distribution of DOC. The solution containing 0.03125% DOC had a DOC 
MMAD that was approximately equal to the MMAD of the aerosol. However, 
solutions having higher DOC concentrations exhibited decreased aerosol MMAD 
values. Solutions having higher DOC concentrations also had decreased DOC 
MMAD values in comparison with the DOC MMAD of the mixture containing 
0.03125% DOC. The first component and aerosol MMAD values of BUD, DOC, 
BZ and PhS in PG are set forth in FIG. 3. 

C. Benzil and Phenyl Salicylate in Propylene Glycol 
[0058] Mixtures containing various concentrations of BZ and 0.5% PhS in PG 
were aerosolized in order to observe the effects of solute concentration on the 



-21- 



solute and aerosol MMAD values of each mixture. The solute and aerosol MMAD 
values of each mixture are set forth in Table 3: 



TABLE 3 



BZ concentration in 
PG (%) 


Aerosol MMAD (p.m) 


Solute MMAD (ptm) 


BZ GSD 


Solute/Aerosol 
MMAD ratio 


0 


1.65 








0.0625 


1.73 


1.82 


1.52 


1.05 


0.125 


1.81 


1.89 


1.52 


1.04 


0.25 


1.79 


1.84 


1.50 


1.03 


0.5 


1.32 


1.34 


1.46 


1.02 


0.5 PhS/PG 


1.77 


1.80 


1.42 


1.02 



[0059] As can be seen from Table 3, the aerosol MMAD of the mixtures 
containing 0.0625%, 0.125% and 0.25% BZ were comparable to the aerosol 
MMAD of pure PG. The BZ MMAD values of the mixtures containing 0.0625% , 
0.125% and 0.25% BZ were 1.82, 1.89 and 1.84 /xm respectively. The 
BZ/aerosol MMAD ratio for the BZ/PG mixtures ranged between 1.02 and 1.05 
over the range of solute concentrations tested. The BZ/aerosol MMAD ratio of 
the mixture having a PhS concentration of 0.5% was 1.02. Thus, co-condensation 
was achieved in these BZ and PhS mixtures in PG, respectively, even at these 
relatively high concentrations. This can be attributed to the fact that BZ and PhS 
are considerably more volatile than DOC. While not wishing to be bound by 
theory, Applicants believe that co-condensation may be difficult or impossible to 
achieve above certain critical first component concentrations. These critical values 
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are generally specific to the first component and liquid component which are 
employed. 

2. Effect of Liquid Component Boiling Point on Solid Component MMAD 
[0060] Increasing the solute/aerosol MMAD ratio and achieving substantial 
monodispersity for solid components having low volatilities, such as DOC, can be 
achieved by using liquid components which have relatively high boiling points. 
Several sample solutions were prepared by adding a constant amount of DOC 
(0.5% w / w ) to various liquids to determine the effect of the boiling point of the 
liquid on the DOC/aerosol MMAD ratio and the solute GSD. 
[0061] Referring to Table 4, DOC/liquid solutions were formed using propylene 
glycol and liquids that have a higher boiling point than propylene glycol. Upon 
aerosolization, these solutions yielded DOC/aerosol MMAD ratios of 0.93, 0.95, 
0.96, 1.06, 1.13 and 1.02 for EG, DPG, DEG, TEG, TetEG and OA, 
respectively. The particle size distributions of the aerosols formed of DPG, DEG, 
TEG, TetEG and OA were substantially uniform. In comparison, a solution of 
DOC (0.5% w / w ) in PG and DMSO yielded a DOC/total aerosol MMAD ratio of 
less than 0.75. Employing a liquid with a sufficiently high boiling point was 
effective for achieving the predetermined and substantially monodispersed particle 
size distribution of the deoxycorticosterone in the solution. 
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TABLE 4 



0.5 % w / w DOC in 

different solvents 


Aerosol 
MMAD Om) 


Solute MMAD (pirn) 


Solute GSD 


Solute/ Aerosol 
MMAD ratio 


PG (boiling point: 188°C) 


0.85 


0.59 


3.29 


0.68 


DMSO (189°C) 


1.17 


0.03 


2.34 


0.03 


EG (198°C) 


1.08 


1.01 


2.87 


0.93 


FORM (210°C) 


0.57 


0.35 


2.22 


0.62 


DPG (232 °C) 


0.78 


0.75 


1.82 . 


0.95 


DEG (245 °C) 


0.98 


0.95 


2.08 


0.96 


TEG (288 °C) 


0.45 


0.48 


1.94 


1.06 


TetEG (326 °C) 


0.61 


0.69 


2.12 


1.13 


OA (333°C) 


0.29 


0.30 


1.47 


1.02 



[0062] DMSO and FORM, each of which have boiling points that are higher 
than that of PG, yielded DOC/aerosol MMAD ratios (0.03 and 0.62, respectively) 
which were less than the DOC/aerosol MMAD ratio of PG. While not wishing to 
be bound by theory, Applicants believe that other characteristics of the liquid such 
as, for example, the chemical structure, had an effect on the solute and aerosol 
MMADs. 

[0063] FIG. 4 shows a graph of the DOC/total aerosol ratio as a function of the 
liquid component boiling point. It is apparent from FIG. 4 that using a liquid 
component having an increased boiling point generally had the effect of increasing 
the solute/aerosol MMAD ratio. { 
[0064] Those skilled in the art will recognize that some medicaments may 
benefit from CAG aerosolization and inhalation without co-condensation with the 
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vehicle. For example, aerodynamic particle sizes substantially less than 0.5 /an, 
such as about 0.1 or 0.2 /mi, are known to be deposited homogeneously by aerosol 
particle diffusion in the extreme lung periphery. It is feasible that some 
medicaments when deposited in such very small sizes from aerosols having 
vehicles with a greater MMAD may exhibit substantially different pharmaceutical 
and pharmacological or toxicological properties than medicaments with a MMAD 
similar to those of the vehicle. 

[0065] While this invention has been illustrated and described in accordance 
with preferred embodiments, it is recognized that variations and changes may be 
made without departing from the invention as set forth in the claims. 



